The nucleophilic addition reaction of N-tosyl-4-oxo-4,5,6,7-tetrahydroindole (12) with the lithium salt of 1-methoxyindole (5), followed by dehydration with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) gave the derivative of 2,4-bi-1H-indole (9) which provides a new concise synthetic method of an indole pigment of the slime mould, arcyriacyanin A. The compound was first demonstrated here to have unique inhibitory activity to a panel of human cancer cell lines and to inhibit protein kinase C and protein tyrosine kinase.
Slime moulds, which can be classified as plasmodial or cellular, have various colors with unique indole pigments, viz, bisindolylmaleimides. 1, 2) Considerable attention has been focused on the metabolites staurosporine (3) 3) and rebeccamycin (4) 4) produced by the family of Streptomyces, Actinomycetes, and Saccharothrixes. These metabolites cause topoisomerase I mediated DNA cleavage 5) and potent inhibition of protein kinase C which are enzymes of much current interest. 1) Arcyriacyanin A (1), a slime mould pigment, may be derived biogenetically from arcyriarubin A (2) by unsymmetrical coupling between two indole nuclei at C-2 and C-4Ј.
More recently, arcyriacyanin A was reportedly derived by three synthetic strategies by Steglich and colleagues. 6) Route A is a reaction with 2,4Ј-biindole and dibromomaleimide, route B is an intramolecular Heck reaction with 4-substituted bisindolylmaleimide, and route C is a domino Heck reaction with 3-bromo-4-indolylmaleimide and 4-bromoindole (Fig.  2) .
Much interest has been generated by a report on a synthesis by palladium catalyzed Suzuki cross-coupling reaction of the indoleborate (7) with the iodoindole (8) to yield 9, followed by reaction with the dibromomaleimide (11) as shown in Fig. 3 . 7) Although two methods are available for the synthesis of 9 at the present time: by the Stille coupling reaction by catalysis with Pd(PPh 3 ) 4 6) (route I) and the Suzuki coupling reaction catalyzed with PdCl 2 (PPh 3 ) 2 7) (route II) (Fig. 4) , we sought to develop a more convenient method for the preparation of 9 and the synthesis of 1 taking advantage of the interesting biological activities.
Results and Discussion
The new synthesis of 1 consisted of the nucleophilic addition reaction of 4-oxo-4,5,6,7-tetrahydroindole (12) with the lithium salt of 1-methoxyindole (5) (route III) (Fig 4) .
The 2-lithium salt (6) was prepared by reaction of 5 with n-BuLi in tetrahydrofuran (THF) at Ϫ20°C as described.
7)
The 4-oxo-4,5,6,7-tetrahydroindole derivative (12) was synthesized from 1,3-cyclohexanedione and aminoacetaldehyde dimethylacetal according to the method of Bobitt et al. 8) followed by reaction with p-toluenesulfonyl chloride. Subsequent reaction of 12 with 6 followed by saturated aq. NH 4 Cl afforded a nucleophilic addition product (13) 67% yield which was treated with DDQ in benzene to give the unsymmetrically substituted biindole (15) in 84% yield.
On the other hand, in a like manner, nucleophilic addition reaction of 12 with 6 as a nucleophile followed by 10% HCl aq. gave 14 in 80% yield. The structure of 13 and 14 was confirmed by 1 H-and 13 C-NMR, FAB-MS spectrum. Aromatization of 14 was carried out by DDQ assisted oxidation in benzene at room temperature to afford 15 in 62% yield. As described previously, 7) removal of the tosyl protecting group of 15 was accomplished by treatment with 40% NaOH aq. in MeOH under refluxing condition to give 16 in 80% yield. Deprotection of 1-methoxy group in 16 was readily attained by catalytic hydrogenation at room temperature under atmospheric pressure of over 10% Pd-C to give 9 in a yield of 83%. We then examined the deprotection of 15 with Mg-methanol. This, fortunately, reduced the tosyl and methoxy functions to give 9 in 90% yield. Thus, 9 was synthesized in 4 steps from 5 in an overall yield of 50.7%. (5-6-13-15-9).
The biindole (9) can easily be transformed to 1 through the condensation reaction of magnesium salt of biindole (10) with the maleimide (11) which is synthesized from dibromomaleimide by the reaction with tert-butyldimethylsilyl chloride (TBS-chloride) to give 1 as green-blue powder, mp Ͼ300°C in 46% yield, according to our previous synthesis. 7) Thus, an unsymmetrical slime mould pigment, 1 was synthesized in 6 steps from 5 with 4-oxo-4,5,6,7-tetrahydroin- dole utilizing nucleophilic addition reaction in an overall yield of 23.3% which may provide a new and concise synthesis of 1.
The biological activity of synthetic arcyriacyanin A was also studied. First, the compound was tested for inhibitory activity against a panel of 39 human cancer cell lines (HCC panel): 7 lung, 6 stomach, 5 colon, 5 ovary, 6 cancers of the central nervous system, 5 breast, 2 renal, 1 melanoma, and 2 prostate cancers ( Table 1) .
The effective inhibitory dose of arcyriacyanin A was rather high (Ͼ10 Ϫ5 M), however, it was noted that the compound proved to have unique selective inhibition when compared with the data base of anticancer reagents developed to date. 9) This suggests that arcyriacyanin A might be a useful leading compound for anticancer drugs with a novel mode of action.
We next tested the mould for its inhibitory activity against the protein kinases, which were critical in regulating cell growth and differentiation and encoded by many oncogenes. The compound inhibited protein kinase C (PKC) and protein tyrosine kinase (PTK) over 1 mg/ml, but not protein kinase A (PKA) or calmodulin-dependent protein kinase C (CAMP) in the range of 1-100 mg/ml (Table 2) .
It should be investigated whether the inhibition of both tyrosine kinases by arcyriacyanin A resulted in its ability to inhibit cancer cell growth.
Experimental
All melting points (mp) were determined on a Yanagimoto micromelting point apparatus and are uncorrected. Infrared (IR) spectra were recorded with a JASCO IR-700 spectrometer, 1 H-and 13 C-NMR spectra were obtained on JNM-GX270 and JNM-AL300 spectrometers. The chemical shifts were given in ppm (d) values with tetramethylsilane as an internal standard (CDCl 3 ). Mass spectra were recorded on JEOL JMS-D300, JMS-HX110 and Shimadzu QP-5000 spectrometers. Ultraviolet (UV) spectra were recorded on Hitachi U-3200 and U-2000 spectrophotometers. Wako silica gel C-200 (200 mesh), and Fuji Silysia silica gel BW-127 ZH were used for column chromatography. Thin-layer chromatography (TLC) used Merck Kieselgel 60F 254 , and spots were detected by ultraviolet (UV) illumination and by spraying 1% Ce(SO 4 ) 4 in 10% H 2 SO 4 followed by heating. The organic extract was dried over Na 2 SO 4 . THF was distilled from sodium-benzophenone under a nitrogen atmosphere before use. 
15 min under nitrogen atmosphere. Then, 4-oxo-1-tosyl-4,5,6,7-tetrahydro-1H-indole (12) (1305 mg, 4.5 mmol) in THF (10 ml) was added at Ϫ20°C. 
1-Methoxy-2-(1-tosyl-6,7-dihydro-1H-indol-4-yl)-1H-indole (14)
The solution of 5 (147 mg, 1 mmol) in THF was kept at Ϫ20°C, and n-BuLi (1.3 M, sol. in n-hexane, 1.3 mmol, 1 ml) was added slowly. The mixture was stirred at Ϫ20°C for 30 min under a nitrogen atmosphere, 12 (433 mg, 1.5 mmol) in THF was added at Ϫ20°C, and stirring was continued for 6 h at ambient temperature. Then, 10% HCl aq., (30 ml) was added at 0°C and the reaction mixture was stirred 10 min, then poured into ice-water. The mixture was extracted with AcOEt. The organic layer was washed with brine, dried with Na 2 SO 4 , and concentrated in vacuo. The residue was subjected to silica gel column chromatography. The eluate with AcOEt-n-hexane (1 : 4, v/v) gave 330 mg (80%) of 14 as white powder, mp 94-95°C (ether), Rf 0.35 (AcOEt : n-hexaneϭ1 : 4).
14: IR (KBr) cm 7) from 13 A solution of 13 (1500 mg, 3.44 mmol) and 97% DDQ (813 mg, 3.44 mmol) in dry benzene was refluxed for 30 min under nitrogen atmosphere. The benzene was removed in vacuo and the residue was dissolved in CHCl 3 (100 ml). The CHCl 3 layer was filtered off, the filtrate was evaporated under reduced pressure and afforded a residue, which was subjected to silica gel column chromatography. The eluate with AcOEt-n-hexane (1 : 3, v/v) gave 1205 mg (84%) of 15 as colorless needles, mp 129-130°C (CHCl 3 -nhexane), Rf 0.48 (AcOEt : n-hexaneϭ1 : 2).
1-Methoxy-2-(1-tosyl-1H-indol-4-yl)-1H-indole (15)
From 14: To a solution of 14 (125 mg, 0.3 mmol) in benzene, DDQ (75 mg, 0.33 mmol) was added at room temperature and the mixture was stirred for 15 min. The reaction mixture was eluted by silica gel column chromatography with benzene. The eluate was recrystallized with MeOH to give 15 (75 mg, 62%) as colorless needles, mp 129-130°C, Rf 0.48 (AcOEt : n-hexaneϭ1 : 2).
1-Methoxy-2-(1H-indol-4-yl)-1H-indole (16)

7)
A solution of 15 (100 mg, 0.24 mmol) in methanol (35 ml) and 40% aq. NaOH (25 ml) was refluxed for 30 min. The reaction mixture was poured into ice-water and extracted with Et 2 O. The organic layer was washed with brine, dried and concentrated. The residue was subjected to silica gel column chromatography. The eluate with AcOEt-n-hexane (1 : 2, v/v) gave 51 mg (80%) of 16 as colorless needles (CHCl 3 -n-hexane), mp 154-156°C, Rf 0.30 (acetone : nhexaneϭ1 : 4).
2,4-Bi-1H-indole (9) from 16 A mixture of 16 (150 mg, 0.57 mmol) and 10% palladium on carbon (70 mg) in methanol (50 ml) was vigorously stirred for 2 h under a hydrogen atmosphere. The catalyst was filtered off, and the filtrate was evaporated to give a crude oil, which was purified by recrystallization from CHCl 3 -n-hexane to give 9 (110 mg, 83%) as colorless needles, 199-202°C, Rf 0.34 (acetone : n-hexaneϭ1 : 2).
From 15: A solution of 15 (42 mg, 2 mmol) in methanol was kept at 60°C, and Mg (48 mg, 2 mmol) was added. The reaction mixture was refluxed for 12 h. Since a portion of the starting material 15 remained, additional Mg (48 mg, 2 mmol) was added and the mixture was refluxed for 1 h. The reaction mixture was poured into ice-water, and then filtered. The solid residue was recrystallized from ether-n-hexane to give 9 (21 mg, 90%).
Evaluation of Inhibitory Effects on Growth of a Panel of HCC Cells and on Activities of Tyrosine Kinases These studies were carried out according to the standards of the Screening Committee of New Anticancer Agents. Briefly, cancer cells were seeded in wells of 96 well plates and cultured in a CO 2 -incubator for one day. Then test compounds were added to each well in the range of 10 Ϫ4 -10 Ϫ8 M and cultured for 2 d more. Cell growth was assessed by the colorimetric method using sulforhodamine B. 10) Screening for inhibitors of protein kinase (PKA, PKC, PTK, and CAMK) was conducted by the simultaneous detection method recently developed by Fukazawa et al. 11) 
